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© Displacement measurement apparatus. 

© A displacement measurement apparatus utilizing 
an astigmatism, comprises an objective lens, an 
optical system detecting an offset distance between 
a relative distance of the objective lens to a mea- 
sured surface and its focal distance by utilizing a 
reflection beam from the measured surface, to gen- 
erate a focus-error signal, an actuator connected to 
the lens for moving the objective lens in a direction 
of an optical axis of the lens on the basis of the 
focus-error signal, so that the relative distance is 
maintained at the focal distance, and a linear scale 
and a detecting head cooperative with each other for 
detecting a displacement of the linear scale to the 
head. One of the linear scale and the head Is integ- 
rally connected to the actuator for moving together 
with the lens and coaxiatly aligned with the optical 
axis, and the other is stationary. A first servo control 
circuit is arranged for executing a first feedback 
control based on a linear-scale displacement signal 
so that the linear-scale displacement signal is ad- 
justed to zero. A second servo control circuit is 
arranged for executing a second feedback control 
based on the focus-error signal so that the focus- 
error signal is adjusted to zero. The first feedback 
control is executed when a signal level of the focus- 
error signal is shifted to a dead zone in which the 
focus-error signal is unuseable as a servo signal 
necessary for the second feedback control. 
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BACKGROUND OF THE INVENTION 

Held of the Invention 

The present invention relates to a displacement 
measurement apparatus which is optimally applied 
for measuring or detecting a displacement of con- 
tinuous measured points on a measured surface 
with respect to a reference plane, and specifically 
to a measurement apparatus which is capable of a 
displacement of a measured object by detecting an 
offset distance between a relative distance of an 
objective lens to a measured surface and a focal 
distance of the objective lens, by way of an astig- 
matism method. 

Description of the Prior Art 

As is generally known, in order to measure or 
detect a displacement or dimensions of a mea- 
sured surface or a measured object, a displace- 
ment measurement apparatus which utilizes a laser 
beam and an objective lens, has been used. On 
such displacement measurement apparatus has 
been disclosed in Japanese Patent Provisional 
Publication (Tokkai Heisei) No. 4-366711 corre- 
sponding to Japanese Patent Application No. 3- 
141836, assigned to the same assignee of the 
present invention. Fig. 5 shows the prior art dis- 
placement measurement apparatus disclosed in the 
Japanese Patent Provisional Publication No. 4- 
36671 1 . Referring now to Fig. 5, reference numeral 
1 denotes a displacement detecting optical system 
which system detects an offset distance between a 
relative distance of an objective lens 5 to a mea- 
sured surface 6 and a focal distance of the objec- 
tive lens 5, by utilizing a reflection laser beam 
reflected from the measured surface 6. Reference 
numeral 16 denotes an actuator which is provided 
for moving the objective lens 5 in a direction of its 
optical axis 21 on the basis of an output signal 
produced by a four-split diode 7 employed in the 
optical system 1 , so that the relative distance be- 
tween the objective lens 5 and the measured sur- 
face 6 is adjusted to the focat distance of the 
objective lens. Reference numeral 20 denotes a 
linear scale which is coaxially aligned with an ex- 
tension line 22 of the optical axis 21 of the objec- 
tive lens 5. The linear scale 20 is integrally con- 
nected to the actuator 16 for motion therewith. The 
prior art displacement measurement apparatus op- 
erates as follows. 

First of all, the optical system 1 detects an 
offset distance between the focal distance of the 
objective lens 5 and the relative distance of the 
objective lens 5 to the measured surface 6, by 
utilizing a reflection laser beam reflected from the 
measured surface 6. The four-split diode 7 pro- 



duces an output signal representative of the offset 
distance. The actuator 16 is responsive to the 
output signal produced by the four-split diode 7, for 
moving the objective lens 5 in its optical axis 21 so 

5 that the relative distance of the objective lens 5 is 
adjusted to the focal distance of the objective lens 
5. Since the linear scale 20 is integrally connected 
to the actuator 16 and coaxially aligned with the 
optical axis 21, the linear scale 20 can be moved 

10 by means of the actuator so that a displacement of 
the linear scale is in correspondence with a dis- 
placement of the measured surface 6. In this man- 
ner, the displacement of the measured surface 6 
can be detected and measured by reading the 

is displacement of the linear scale 20. As is generally 
known, the four-split diode 7 has a relatively narrow 
detectable region within which the four-split diode 
can detect the previously-noted offset distance. 
The prior art apparatus operates to move the ob- 

20 jective lens 5 towards or away from the measured 
surface 6 at a constant speed when detecting a 
displacement of the measured surface 6. In case 
that the constant speed is set at a low speed, there 
is a possibility that it takes a long time until the 

25 objective lens 5 reaches to the detectable region of 
the four-split diode 7. In case that the constant 
speed is set at a high speed, there is a possibility 
that the objective lens 5 overruns the detectable 
region of the four-split diode 7. 

30 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to 
provide an improved displacement measurement 
35 apparatus which avoids the foregoing disadvan- 
tages of the prior art. 

It is another object of the invention to provide a 
displacement measurement apparatus which is ca- 
pable of accurately and quickly detecting a dis- 
40 placement of a measured surface. 

It is a further object of the invention to provide 
a displacement measurement apparatus which has 
an effective safety function for avoidance of a colli- 
sion contact between an objective lens and a mea- 
45 sured surface. 

In order to accomplish the aforementioned and 
other objects of the invention, a displacement mea- 
surement apparatus utilizing an astigmatism, com- 
prises an objective lens focusing a laser beam on a 
so measured surface, an optical system detecting an 
offset distance between a relative distance of the 
objective lens to the measured surface and a focal 
distance of the lens by utilizing a reflection beam 
reflected from the measured surface, to generate a 
55 focus-error signal indicative of the offset distance, 
an actuator integrally connected to the objective 
lens for moving the objective lens in a direction of 
an optical axis of the lens on the basis of the 
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focus-error signal, so that the relative distance is 
maintained at the focal distance, a linear scale and 
a detecting head cooperative with each other, for 
detecting a displacement of the linear scale to the 
head, one of the linear scale and the head being 5 
integrally connected to the actuator for moving 
together with the lens and coaxialty aligned with 
the optical axis, and the other being stationary, the 
head generating a linear-scale displacement signal 
indicative of the displacement of the linear scale, a to 
first servo control circuit arranged for executing a 
first feedback control based on the linear-scale 
displacement signal so that the linear-scale dis- 
placement signal is adjusted to zero, a second 
servo control circuit arranged for executing a sec- 75 
ond feedback control based on the focus-error sig- 
nal so that the focus-error signal is adjusted to 
zero, and, a zone decision circuit connected to the 
first and second servo control circuits, for selecting 
the first feedback control among the two feedback 20 
controls when a signal level of the focus-error sig- 
nal is shifted to a dead zone in which the focus- 
error signal is unusable as a servo signal neces- 
sary for the second feedback control. The optical 
system comprises a four-split photo diode consist- 25 
ing of two opposing pairs of light receiving seg- 
ments, each sensitive to the reflection beam to 
generate a voltage signal. When receiving the re- 
flection beam, the four-split diode generates a RF 
signal as well as the focus-error signal. The focus- 30 
error signal is defined by the difference between 
the sum of two voltage signals produced by the 
one opposing pair of light receiving segments and 
the sum of two voltage signals produced by the 
other opposing pair of light receiving segments, as 
while the RF signal is defined by a sum of four 
voltage signals respectively produced by the two 
opposing pairs of light receiving segments. In ac- 
tual, the zone decision circuit determines that the 
signal level of the focus-error signal is conditioned 40 
within the dead zone when the RF signal is less 
than a predetermined threshold. The zone decision 
circuit also determines that the signal level of the 
focus-error signal is conditioned within a focus- 
error signal dependent servo control permissible 45 
zone in which the focus-error signal is usable as 
the servo signal when the RF signal is above the 
predetermined threshold. The zone decision circuit 
selects the second feedback control among the two 
feedback controls when the signal level of the RF 50 
signal is above the predetermined threshold and 
the signal level of the focus-error signal reaches to 
zero. The first servo control circuit drivingly con- 
trols the actuator at a high speed when the signal 
level of the focus-error signal is conditioned within 55 
the dead zone, for quickly moving the objective 
lens towards the focused position. On the other 
hand, the first servo control circuit drivingly con- 



trols the actuator at a low speed when the signal 
level of the focus-error signal is conditioned within 
the focus-error signal dependent servo control per- 
missible zone, for accurately approaching the ob- 
jective lens to the focused position and for stop- 
ping the lens just at the focused position. The first 
servo control circuit may be responsive to an exter- 
nal input data as well as to the linear-scale data 
signal, for externally setting a displacement of the 
objective lens. In order to avoid collision contact 
between the objective lens and the measured sur- 
face, the zone decision circuit generates an emer- 
gency signal to the first servo control circuit for 
quickly moving the objective lens away from the 
measured surface when the objective lens lies in 
proximity to the measured surface and the linear- 
scale data signal exceeds a predetermined thresh- 
old. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating one em- 
bodiment of a displacement measurement appara- 
tus according to the present invention. 

Figs. 2A, 2B and 2C are explanatory views 
concerning an operation of a four-split diode em- 
ployed in the displacement measurement appara- 
tus of the embodiment. 

Fig. 3 is a graph illustrating a characteristic of a 
focus error signal E produced by the four-split 
diode shown in Figs. 2A • 2C. 

Fig. 4 is a graph illustrating a characteristic of a 
RF signal F produced by the four-split diode. 

Fig. 5 is a block diagram illustrating a prior art 
displacement measurement apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to the drawings, particularly to 
Figs. 1 through 4, there is shown one embodiment 
of a displacement measurement apparatus of the 
invention. The same reference numerals used in 
the prior-art displacement measurement apparatus 
shown in Fig. 5 will be applied to the correspond- 
ing elements used in the embodiment of Fig. 1 , for 
the purpose of comparison between the prior art 
apparatus and the apparatus of the present em- 
bodiment As seen in Fig. 1, the displacement 
measurement apparatus of the embodiment in- 
cludes an optical system 1 for displacement detec- 
tion, which system is provided for detecting an 
offset distance between a focal distance fi of an 
objective lens 5 and a distance defined between 
the objective lens 5 and a measured surface 6, and 
for generating the offset distance as a focus error 
signal. The optical system includes a laser diode 2 
serving as a light source, a beam splitter 3 which 
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receives a laser beam L emitted from the laser 
diode 2 for reflecting the received laser beam in 
the left direction {viewing Fig. 1), and a mirror 4 
which receives the reflected laser beam from the 
splitter 3 for further reflecting the laser beam in the 
downward direction. The reflection laser beam re- 
flected by the mirror 4 enters the objective lens 5 
having the focal distance fi. The incident laser 
beam fed into the objective lens 5 is focused on 
the measured surface 6. 

In the event that the laser beam reflected from 
the measured surface 6 passes through its return 
optical path, the reflected laser beam returns from 
the measured surface 6 back to the objective lens 
5, and passes through the objective lens 5 to the 
mirror 4. The beam reflected from the mirror 4 to 
the right, enters again into the splitter 3. The beam 
path going and returning to and from the measured 
surface 6 is identical between the measured sur- 
face 6 and the beam splitter 3. The splitter 3 
transmits the laser beam L reflected from the mir- 
ror 4 to the right direction (viewing Fig. 1). The 
transmitted laser beam L is focused on a four-split 
diode 7 serving as a light detector. In the embodi- 
ment, a four-split photo diode is utilized as the light 
detector. The light detector may be any type of 
light detector whose current-voltage characteristic 
is a function of incident light beam. 

Referring now to Figs. 2A through 2C, the four- 
split diode 7 consists of a four split light receiving 
segments or elements When the distance between 
the measured surface 6 and the objective lens 5 
coincides with the focal distance fi of the lens 5, 
the laser beam L focused on the four-split diode 7 
becomes an essentially circular spot 11 as illus- 
trated in Fig. 2A. In case that the objective lens 5 
moves away from the measured surface 6 and the 
distance between the lens 5 and the surface 6 
becomes greater than the focal distance ft, the 
laser beam L focused on the four-split diode 7 
becomes a laterally expanded elliptical spot 12 as 
illustrated in Fig. 2B. In case that the objective lens 
5 moves towards the measured surface 6 and the 
distance between the lens 5 and the surface 6 
becomes less than the focal distance fi , the laser 
beam L focused on the four-split diode 7 becomes 
a longitudinally expanded elliptical spot 13 as illus- 
trated in Fig. 2C. Each of the four light receiving 
segments is sensitive to a reflection laser beam 
reflected from the measured surface 6 and trans- 
mitted through the mirror 4 and the beam splitter 3, 
to generate a laser beam sensitive voltage signal. 
Thus, assuming that the four split light receiving 
segments of the diode 7 generate voltage signals 
A, B, C and D, respectively, the diode 7 thus 
outputs an output signal E as indicated the follow- 
ing equation. 



E = (A + C) - (B + D) 

where the output signal E corresponds to a focus- 
error detection signal produced by the diode 7. 

s That is, the focus-error signal E is defined by the 
difference between the sum of the two signals A 
and C produced by one opposing pair of light 
receiving segments and the sum of the two signals 
B and D produced by the other opposing pair of 

to light receiving segments. 

Fig. 3 shows an inherent characteristic of the 
focus-error signal E. In Rg. 3. an axis of abscissa 
represents the distance d [mmj between the objec- 
tive lens 5 and the measured surface 6, while an 

75 axis of ordinate represents a voltage level [V] of the 
focus-error signal E. An origin O denotes a focused 
position at which the distance d becomes identical 
to the focal distance fi of the objective lens 5. 

In addition, the diode 7 outputs an output sig- 

20 nal F as indicated the following equation. 

F = (A + C) + (B + D) 

where the output signal F corresponds to a RF 
25 (radio frequency) signal produced by the diode 7. 
The RF signal is defined by the sum of all four 
signals A, B, C and D respectively produced by the 
four split light receiving segments. 

Rg. 4 shows an inherent characteristic of the 
30 RF signal F. In Rg. 4, an axis of abscissa repre- 
sents the distance d [mm] between the objective 
lens 5 and the measured surface 6, while an axis of 
ordinate represents a voltage level [V] of the focus- 
error signal E. 

35 As seen in Rgs. 3 and 4, in the event that, with 

respect to the focal distance fi of the objective lens 
5, the objective lens 5 is excessively far from the 
measured surface 6 or excessively close to the 
measured surface 6, a voltage level of the focus- 

40 error signal E is shifted within towards a dead band 
indicated by a hatched line at both sides of Rg. 3, 
while a voltage level of the RF signal F is shifted 
within towards a dead zone (dead band) indicated 
by a hatched line at both sides of Rg. 4. Within the 

45 dead zone, a voltage level of the respective signal 
E and F is maintained at essentially zero. Since the 
respective signals E and F remain unchanged with- 
in the previously-noted dead zone, a focus-error 
signal dependent servo control which control will 

so be hereinafter described in detail, cannot be op- 
erated with the signals E and F within such a dead 
zone. In contrast to the above, the respective sig- 
nals E and F are variable within an intermediate 
zone defined between the right-hand side dead 

55 zone and the left-hand side dead zone indicated in 
Figs. 3 and 4. Thus, the focus-error signal depen- 
dent servo control can be executed on the basis of 
the signal E. Within the intermediate zone, the 
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focus-error signal E is usable as a servo signal for 
the focus servo control. In contrast, the focus-error 
signal E is unusable as a servo signal within the 
dead zone. The intermediate zone will be 
hereinafter referred to as a "focus servo control 
permissible zone". 

Returning to Fig. 1 , the displacement measure- 
ment apparatus of the embodiment also includes a 
zone decision circuit 29 which circuit operates to 
shift a position of a switch 30 under a particular 
condition. The switch serves as a servo control 
mode selection switch which selects one of two 
servo controls as detailed later. Although it is not 
clearly shown in Fig. 1 , the zone decision circuit 29 
has a comparator for determining whether the sig- 
nal level (voltage level) of the RF signal F is less 
than a predetermined threshold value, by compar- 
ing the signal level of the detected signal F with 
the predetermined threshold, and for switching the 
contact point of the switch 30 from an output 
terminal of a focus-error signal dependent servo 
control circuit 15 as explained later to an output 
terminal of the linear-scale data dependent servo 
control circuit 28 as explained later. The previous- 
ly-noted focus-error signal dependent servo control 
circuit will be hereinafter abbreviated as a "focus 
servo control circuit", while the linear-scale data 
dependent servo control circuit will be hereinafter 
abbreviated as a "linear servo control circuit". In 
more detail, at a time point when the signal level of 
the RF signal F becomes reduced less than the 
predetermined threshold, the zone decision circuit 
29 functions to execute a switching operation of the 
switch 30 in such a manner as to disconnect the 
contact point of the switch 30 from the output 
terminal of the focus servo control circuit 1 5 and to 
connect the contact point of the switch 30 to the 
output terminal of the scale servo control circuit 28. 
The scale servo control circuit 28 includes an 
arithmetic circuit and a servo amplifier. The dis- 
placement measurement apparatus of the embodi- 
ment includes an actuator 16 consisting of a voice 
coil motor which has a movable coil 17, a perma- 
nent magnet 18 and a rod-like connection member 
27. The connection member 27 is connected to the 
bottom of the movable coil 17 at one end. The 
other end of the connection member 27 firmly 
supports the objective lens 5. A linear scale 20 is 
firmly fixed onto a preset position of the rod-like 
portion 27a of the connection member 27. The 
linear scale 20 has a scale 19 which is aligned with 
an extension line 22 of an optical axis 21 of the 
objective lens 5 and has a series of markings used 
for reading a relative displacement of the linear 
scale 20 to a stationary chassis (not shown). In 
order to detect the relative displacement of the 
linear scale 20 to the stationary chassis, a detect- 
ing head 25 is further provided on the stationary 



chassis. The linear scale 20 is coaxially aligned 
with the optical axis 21 of the objective lens 5. 
Thus, the relative displacement of the linear scale 
20 to the stationary chassis is equivalent to an 

5 absolute displacement of the objective lens 5. In 
the preferred embodiment, although the linear 
scale 20 is fixed to the connection member 27 and 
in addition the detecting head 25 is mounted on 
the stationary chassis, alternatively the linear scale 

io 20 may be mounted on the stationary chassis with 
the head 25 fixed onto the connection member 27 
so as to detect the displacement of the objective 
lens 5. It is preferable that the linear scale 20 is an 
optical scale utilizing interference fringes and the 

J5 detecting head 25 is a non-contact type optical 
detector such as an interferometer. The optical 
scale may be replaced with a magnetic scale or a 
capacity type scale. As seen in Fig. 1 , the detect- 
ing head 25 generates a displacement indicative 

so signal representative of the relative displacement of 
the linear scale 20 to the stationary chassis. The 
output terminal of the head 25 is connected to a 
signal processing circuit 26 to transmit the de- 
tected displacement indicative signal thereto. The 

25 signal processing circuit 26 derives a displacement 
data on the basis of the detected displacement 
indicative signal. The displacement data is supplied 
from the signal processing circuit 26 to a display 
(not shown) or to a data logger (not shown), so as 

30 to display the detected displacement or to store 
the derived displacement data. 

With the above-noted arrangement, the dis- 
placement measurement apparatus of the present 
invention operates as follows. 

35 For instance, in the event that the objective 

lens 5 is moved towards the measured surface 6 
under a certain condition wherein the objective lens 
5 is initialized to be positioned far from the mea- 
sured surface 6 by a predetermined distance great- 

40 er than the focal distance fi of the objective lens 5 
and the respective signal levels of the focus-error 
signal E and the RF signal F are conditioned within 
the dead zone, the zone decision circuit 29 thus 
determines that the RF signal F is conditioned 

45 within the dead zone. Therefore, the decision cir- 
cuit 29 operates to connect the input terminal of 
the switch 30 to the output terminal of the scale 
servo control circuit 28. The scale servo control 
circuit 28 successively derives a target displace- 

60 ment of the objective lens 5 on the basis of the 
displacement data derived by the signal processing 
circuit 26 and generates a target displacement indi- 
cative signal S2 as a drive signal of the moving coil 
17 of the actuator 16. By way of a feedback control 

55 executed by the scale servo control circuit 28, the 
objective lens 5 can be quickly moved towards the 
measured surface 6 at a primary constant moving 
speed and accurately stopped at a desired position 
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at a secondary constant moving speed such that a 
displacement of the objective lens 5 is permanently 
adjusted to the target displacement. The feedback 
control executed by the scale servo control circuit 
28 will be hereinbelow referred to as a "scale servo 
control". On the other hand, a feedback control 
executed by the focus servo control circuit 15 will 
be hereinbelow referred to as a "focus servo con* 
trol". When the voltage level of the RF signal F is 
still conditioned within the dead zone at the begin- 
ning of the scale servo control, the objective lens 5 
can be quickly moved at the primary speed by way 
of the moving coil 17 which is responsive to the 
drive signal S2 produced by the scale servo control 
circuit 28. Thereafter, as soon as the voltage level 
of the RF signal F has been shifted from the dead 
zone to the focus servo control permissible zone, 
the moving coil 17 is responsive to the drive signal 
S2 to move the objective lens, which lens is con- 
nected through the connection member 27 to the 
moving coil 17, at the secondary speed. Accord- 
ingly, at the end of the scale servo control, the 
objective lens 5 can be more accurately approach- 
ed and stopped at the desired position with the 
result that the target displacement of the objective 
lens 5 is quickly and accurately obtained. The 
scale servo control circuit 28 is designed to be also 
responsive to a command signal externally output 
from a computer (not shown) as well as the dis- 
placement data produced by the signal processing 
circuit 26, such that the scale servo control circuit 
28 generates the drive signal S2 based on the 
command signal output from the computer. In this 
case, a displacement of the objective lens 5 can be 
properly determined on the basis of the command 
signal of the computer and thus the distance d 
between the objective lens 5 and the measured 
surface 6 can be maintained at a desired distance 
based on the external input data produced by the 
computer. After the target displacement of the ob- 
jective lens 5 has been obtained through one cycle 
of the scale servo control, the feedback control is 
permanently executed in accordance with an up- 
dated displacement data derived by the signal pro- 
cessing circuit 26. In this manner, the relative dis- 
tance d between the objective lens 5 and the 
measured surface 6 is accurately approached to 
the focal distance fi of the objective lens 5. At this 
time, the comparator constructing the zone de- 
cision circuit 29 is responsive to the focus-error 
signal E as well as the RF signal F, in a manner 
which detects the focused position (corresponding 
to the origin O shown in Fig. 3) at which the 
distance d is completely identical to the focal dis- 
tance fi of the objective lens 5. That is, the zone 
decision circuit 29 determines that the objective 
lens 5 has been reached to the focused position 
when two necessary conditions have been satis- 



fied, i.e., when the signal level of the focus-error 
signal E has been reached to zero and additionally 
the RF signal F has been conditioned within the 
focus servo control permissible zone, (above the 

5 predetermined threshold). The former necessary 
condition is based on the focus-error signal E, 
while the latter necessary condition is based on the 
RF signal F. In case that the two necessary con- 
ditions was satisfied, the focus servo control is 

70 performed as follows. 

Upon the previously-noted necessary condi- 
tions are satisfied, the zone decision circuit 29 
performs a switching operation of the switch 30 in 
a manner so as to shift the contact point of the 

15 switch 30 from the output terminal of the scale 
servo control circuit 28 to the output terminal of the 
focus servo control circuit 15. Thus, the focus 
servo control circuit 15 is responsive to the focus- 
error signal E to output a drive signal Si to the 

20 moving coil 17 so that the focus-error signal E is 
adjusted to zero in order to more accurately shift 
the objective lens 5 to its focused position and to 
precisely compensate the current position of the 
objective lens 5 which lens would be infinitesimally 

25 offset from the focused position O. In this manner, 
through the focus servo control, the distance d 
between the objective lens 5 and the measured 
surface 6 can be more precisely adjusted to the 
focal distance fi . In this position adjustment of the 

30 objective lens 5 based on the focus servo control, 
the focus servo control circuit generates the drive 
signal Si to the moving coil 1 7 to move the objec- 
tive lens 5 at a relatively low moving speed cor- 
responding to the secondary speed as previously 

35 explained in the scale servo control. As a result of 
the above-noted arrangement, the objective lens 5 
can follow or track infinitesimal changes in a dis- 
placement of the measured surface 6. Thus, a 
displacement of the measured surface 6 can be 

40 accurately measured by reading the scale 1 9 of the 
linear scale 20 by means of the detecting head 25. 
while moving the objective lens 5 such that the 
relative distance d between the objective lens 5 
and the measured surface 6 is permanently main- 

45 tained at the focal distance fi. The displacement 
data derived by the signal processing circuit 26 
may be displayed on a screen of the display (not 
shown) in a conventional manner. Alternatively, the 
derived displacement data may be stored in the 

so data logger (not shown). According to the invention, 
easy automatic measurement is possible. Since the 
signal processing circuit 26 is integrally incorpo- 
rated in the displacement measurement apparatus, 
a displacement to be measured may be measured 

55 with a high resolution. In addition, since the scale 
19 of the linear scale 20 is coaxially aligned with 
the optical axis 21 of the objective lens 5, there is 
no occurrence of Abbe's error owing to a slight 
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inclination of the optical axis 21. As set forth above, 
the apparatus of the invention can provide a high 
accuracy of displacement measurement throughout 
a measurable region on the scale by way of a one 
to one correspondence between a displacement of 
the linear scale 20 and a displacement of the 
objective lens 5. 

Since a displacement of the measured surface 
6 is measured or detected by utilizing the feedback 
control explained previously, there is no measure- 
ment error even when a sensitivity of the focus- 
error signal E varies owing to changes in a re- 
flectivity of the measured surface 6 or when there 
is a slight difference between quality characteristics 
of components of the actuator 16 or the actuator 
experiences drift. The apparatus according to the 
invention does not require a periodic check such as 
an adjustment or calibration of the apparatus. 
Therefore, the apparatus of the invention can insure 
a stable displacement measurement for a long pe- 
riod of time. 

In the embodiment, the actuator 16 consisting 
of a voice coil motor exhibits a superior linearity 
with regard to positive and negative displacements 
of the measured surface 6, since the voice coil 
motor has an inherent characteristic in which the 
voice coil motor is linearly movable in proportion to 
a current value of the drive current fed to the 
motor. As set forth above, although the voice coil 
motor is used as the actuator in the embodiment, a 
DC servo motor having the same function of the 
voice coil motor may be used as the actuator 16. 

In the event that the objective lens 5 unpredic- 
tively moves closer to the measured surface 6 after 
reaching to the focused position, the zone decision 
circuit 29 determines that the signal level of the RF 
signal F has been shifted from the focus servo 
control permissible zone to the dead zone, be- 
cause the signal level of the signal F becomes less 
than the predetermined threshold. Thus, the zone 
decision circuit 29 shifts the switch 30 in a manner 
so as to connect the contact point of the switch 30 
to the output terminal of the scale servo control 
circuit 28. Simultaneously, the zone decision circuit 
29 determines on the basis of the linear-scale 
displacement data derived by the signal processing 
circuit 26 that the objective lens 5 lies in close 
proximity to the measured surface 6, when the 
derived linear-scale displacement data exceeds a 
predetermined threshold value. At this time, the 
zone decision circuit 29 outputs an emergency 
signal G to the scale servo control circuit 28 so as 
to control a motion of the objective lens 5 by way 
of an emergency scale servo control. In response 
to the signal G, the scale servo control circuit 28 
executes the emergency scale servo control in 
such a manner as to moves upwards (viewing Fig. 
1) the objective lens 5 away from the measured 
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surface 6. This emergency scale servo control pre- 
vents the objective lens 5 from being brought into 
collision-contact with the measured surface 6. 

As will be appreciated from the above, since 

5 the linear scale 20 is moved to adjust the relative 
position of the objective lens 5 to the measured 
surface 6 until reached to the focus servo control 
permissible zone and the displacement data of the 
linear scale 20 (corresponding to the displacement 

w of the objective lens 5, and consequently cor- 
responding to the displacement of the measured 
point of the measured surface) is used as input 
information of the feedback control (the scale servo 
control), the objective lens 5 can be moved at a 

75 high speed through the scale servo control in order 
to assure a quick transition from the dead zone to 
the focus servo control permissible zone, and 
thereafter the objective lens 5 can be moved at a 
low speed through the focus servo control within 

20 the focus servo control permissible zone and ac- 
curately stopped at a desired position (the focused 
position O). Additionally, in the apparatus according 
to the invention, the scale servo control circuit 28 is 
designed to be responsive to an external input data 

25 produced by the computer (not shown) so as to 
externally set the relative distance d between the 
objective lens 5 and the measured surface 6 at a 
desired distance or to externally set a displacement 
of the objective lens 5. In this case, an undesirable 

30 collision contact between the objective lens 5 and 
the measured surface 6 is avoided before the fact. 
The focused position of the objective lens 5 is 
externally searchable. 

Furthermore, since the feedback control mode 

35 is shifted from the scale servo control mode to the 
focus servo control mode only when the two neces- 
sary conditions are both satisfied, a transit from the 
scale servo control mode to the focus servo control 
mode can be certainly executed. Additionally, since 

40 the sole actuator 16 is used commonly to both the 
scale servo control and the focus servo control, the 
entire size of the displacement measurement ap- 
paratus may be small-sized, and the total cost of 
..the apparatus may be reduced to a minimum. 

45 Moreover, even when the objective lens 5 un- 

predictively moves closer to the measured surface 
6, the objective lens 5 can be moved away from 
the measured surface 6 through the previously- 
noted additional emergency scale servo control 

so and whereby an accidental collision contact be- 
tween the objective lens 5 and the measured sur- 
face 6 can be avoided. 

White the foregoing is a description of the 
preferred embodiments carried out the invention, it 

55 will be understood that the invention is not limited 
to the particular embodiments shown and de- 
scribed herein, but that various changes and modi- 
fications may be made without departing from the 



7 



13 



EP 0 646 769 A1 



14 



scope or spirit of this invention as defined by the 
following claims. 

Claims 

5 

1. A displacement measurement apparatus utiliz- 
ing an astigmatism, comprising: 

an objective lens focusing a laser beam on 
a measured surface; 

an optical system detecting an offset dis- to 
tance between a relative distance of said ob- 3. 
jective lens to said measured surface and a 
focal distance of said lens by utilizing a reflec- 
tion beam reflected from said measured sur- 
face, to generate a focus-error signal indicative 75 
of said offset distance; 

an actuator integrally connected to said 
objective lens for moving said objective lens in 
a direction of an optical axis of said lens on the 
basis of said focus-error signal, so that said 20 
relative distance is maintained at said focal 
distance; 

a linear scale and a detecting head coop- 
erative with each other, for detecting a dis- 
placement of said linear scale to said head; 25 
one of said linear scale and said head being 
integrally connected to said actuator for mov- 
ing together with said lens and coaxially 
aligned with said optical axis, and the other 4. 
being stationary; said head generating a linear- 30 
scale displacement signal indicative of said 
displacement of said linear scale; 

a first servo control circuit arranged for 
executing a first feedback control based on 
said linear-scale displacement signal so that 35 
said linear-scale displacement signal is ad- 6. 
justed to zero; 

a second servo control circuit arranged for 
executing a second feedback control based on 
said focus-error signal so that said focus-error 40 
signal is adjusted to zero; and 

a zone decision circuit connected to said 
first and second servo control circuits, for se- 
lecting said first feedback control among the 
two feedback controls when a signal level of 45 
said focus-error signal is shifted to a dead 6. 
zone in which said focus-error signal is un- 
usable as a servo signal necessary for said 
second feedback control. 

50 

2. The displacement measurement apparatus as 
claimed in claim 1, wherein said optical system 
comprises a four-split photo diode consisting 
of two opposing pairs of light receiving seg- 
ments, each sensitive to said reflection beam 55 
to generate a voltage signal, and when receiv- 
ing said reflection beam, said four-split diode 
generating a RF signal as well as said focus- 



error signal being defined by a difference be- 
tween a sum of two voltage signals produced 
by the one opposing pair of light receiving 
segments and a sum of two voltage signals 
produced by the other opposing pair of light 
receiving segments, and said RF signal being 
defined by a sum of four voltage signals re- 
spectively produced by the two opposing pairs 
of light receiving segments. 

The displacement measurement apparatus as 
claimed in claim 2, wherein said zone decision 
circuit determines that the signal level of said 
focus-error signal is conditioned within said 
dead zone when said RF signal is less than a 
predetermined threshold, and determines that 
the signal level of said focus-error signal is 
conditioned within a focus-error signal depen- 
dent servo control permissible zone in which 
said focus-error signal is usable as said servo 
signal when said RF signal is above said pre- 
determined threshold, and said zone decision 
circuit selecting said second feedback control 
among the two feedback controls when the 
signal level of said RF signal is above said 
predetermined threshold and the signal level of 
said focus-error signal reaches to zero. 

The displacement measurement apparatus as 
claimed in claim 3, wherein said first servo 
control circuit is responsive to an external input 
data as well as to said linear-scale data signal, 
for externally setting a displacement of said 
objective lens. 

The displacement measurement apparatus as 
claimed in claim 3, wherein said first servo 
control circuit drivingly controls said actuator at 
a high speed when the signal level of said 
focus-error signal is conditioned within said 
dead zone, and at a low speed when the signal 
level of said focus-error signal is conditioned 
within said focus-error signal dependent servo 
control permissible zone. 

The displacement measurement apparatus as 
claimed in claim 1 , wherein said zone decision 
circuit generates an emergency signal to said 
first servo control circuit for moving said objec- 
tive lens away from said measured surface 
when said objective lens lies in proximity to 
said measured surface and said linear-scale 
data signal exceeds a predetermined thresh- 
old. 
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